Objective: To compare dental arch relationship, craniofacial form, and nasolabial aesthetic outcomes among cleft centers using distinct methods of presurgical infant orthopedics (PSIO). Design: Retrospective cohort study.
Introduction
Infants born with cleft lip and palate present with significant facial deformities. These deformities involve skeletal and softtissue elements of the lips, nose, and facial bones that affect symmetry and aesthetics. It is safe to say that there is no consensus on the best approach to the treatment of an infant born with a cleft. In fact, there is great variability in protocols of management and surgical interventions among cleft centers (Shaw et al., 2001) . Currently, one of the most controversial components of individual protocols is the use of presurgical infant orthopedics.
Any manipulation of the infant's alveolar segments prior to the lip and nasal repair is referred to by the umbrella term presurgical infant orthopedics (PSIO). The objectives of PSIO, whereas neither static nor universally agreed, generally include improving the alignment of the child's alveolar segments, facilitating the primary cleft lip and nose repair, and improving the aesthetic outcome of primary repair, ideally without harming facial growth. PSIO can be divided into passive and active devices, although definitions of each type can vary among providers. As applied by the authors in this article, passive PSIO use an intraoral appliance (plate) that is fabricated to match the initial alveolar positions without applying active pressure at any point; they achieve reduction of the alveolar cleft width by preventing the tongue from entering the cleft and they prevent collapse of the lateral cleft segment. Active PSIO use force exerted by the device to actively reposition the alveolar segments to improve alveolar alignment and reduce the width of the cleft before primary surgery. Some types of active PSIO, in particular nasoalveolar molding (NAM), also seek to normalize nasal cartilage shape and elongate the columnella. The Dutchcleft randomized controlled trial found that passive appliances do not achieve a sustained improvement in alveolar alignment nor do they improve facial appearance (Prahl et al., 2003; Prahl et al., 2006) . Evidence on active PSIO is of much lower quality and much of it is conflicting, yet active orthopedics is used by more than 40% of cleft teams in the United States (Sitzman et al., 2008; Uzel and Alparslan, 2011; Sischo et al., 2012) .
Multiple types of active PSIO are in use today. The modified McNeil approach consists of an intraoral acrylic appliance that is progressively reshaped to narrow the cleft width (McNeil, 1950 (McNeil, , 1956 ). The Latham approach uses a pin-retained intraoral appliance with a mechanical screw that is progressively turned to narrow the cleft width (Latham, 1980; Chan et al., 2003) . NAM combines the progressively reshaped intraoral appliance of McNeil with a nasal stent that aims to improve nasal dome projection and position (Grayson et al., 1999; Grayson and Shetye, 2009 ). All PSIO appliances require at least 3 months of daily care at home and, in the case of McNeil appliance and NAM, weekly adjustments by an orthodontist or pediatric dentist.
The debate surrounding the benefits of active PSIO has yet to reach a definite conclusion. Although the Dutchcleft trial demonstrated that passive approaches provide no sustained benefits, many providers believe that active approaches are substantially different from passive approaches, and thus the trial's findings are not generalizable to current practice. Use of the Latham device has been particularly controversial. Berkowitz et al. (2004) reported that children treated with the Latham and gingiveriosteoplasty (GPP) achieved favorable nasolabial aesthetics but substantial midface retrusion, whereas Chan et al. (2003) reported that midface growth was not affected by use of the Latham appliance. Although there is more consistent evidence on the benefits of NAM, the evidence is primarily limited to single-center retrospective case series and cohort studies (Barillas et al., 2009; Chang et al., 2010) . One prospective nonrandomized study found that aesthetic outcomes after cleft lip repair were similar among children who did and did not receive NAM, although children receiving NAM had more severe clefts at the beginning of the treatment and thus a greater relative improvement (Broder et al., 2016) . In addition to the limited information on the efficacy of each type of active PSIO relative to no orthopedics, there has been no comparison among the different types of active PSIO.
In summary, there is broad use of active PSIO in children with cleft lip and palate yet a weak level of evidence to support their efficacy. Furthermore, there are few studies directly comparing clinical outcomes achieved with the different types of appliances. There is thus a pressing need to compare multidimensional outcomes across patient cohorts that were treated with each type of appliance therapy. In this study, we compared dental arch relationship, craniofacial form, and nasolabial aesthetic outcomes among centers using 4 distinct methods of PSIO: Latham, modified McNeil, NAM, and no PSIO. Although this intercenter comparison cannot separate the effect of an individual PSIO appliance from the effect of other components of a center's treatment protocol, notably the surgical protocol and the operator skill, the comparison does contribute to our understanding of whether a specific type of active PSIO enables a center to achieve better treatment outcomes than centers using alternative types of PSIO.
Methods

Study Design
A multi-institutional retrospective cohort study was performed to compare treatment outcomes at 4 treatment centers, each using a distinct approach to PSIO. Children received all cleftrelated treatment at 1 of 4 treatment centers, labeled centers 1, 2, 3, and 4. Care at each center was delivered according to prespecified treatment protocols, adherence to which was confirmed by review of treatment records. Center 4 assembled 2 cohorts, one cohort from children who received PSIO treatment using a modified McNeil protocol prior to lip repair (center 4-IO) and a second cohort from children who received NAM prior to lip repair (center 4-NAM).
Institutional review board approval was obtained at each site prior to the initiation of data collection.
Population
Medical records were reviewed to identify children meeting the following inclusion criteria: white, complete unilateral cleft lip and palate (CUCLP), receipt of primary cleft lip and palate repair in infancy at the participating center, available dental models, lateral cephalograms, and/or facial photographs obtained between age 6 and 12 years at the participating center, and treatment during a calendar period when treatment protocols at the participating center were stable and consistent. Exclusion criteria included the presence of a Simonart band or a syndromic diagnosis.
Medical records at each center were then reviewed to collect information on subject demographics and treatment history. Information included sex; use of PSIO; surgeon performing the primary lip and palate repairs; occurrence of any secondary lip, nose, or palate surgery; and age at secondary surgery(s).
Collection of Records and Assessment of Outcomes
Clinical records were collected from existing archives at each center. Records included dental models, lateral cephalograms, and facial photographs obtained when children were between 6 and 12 years old. Records were obtained prior to any orthodontic treatment, palatal expansion, incisor alignment, or secondary bone grafting. For each outcome measure evaluated, raters were blinded to treatment center, treatment history, and patient demographic information.
Dental arch relationship. Each child's dental models were duplicated in a standard method to prevent identification of the center from the appearance of the model. Models from all centers were assembled into a single set and then randomized in order of presentation. Models were rated by 6 experienced and calibrated raters using the GOSLON Yardstick (Mars et al., 1992) . During the ratings, raters had the opportunity to compare each study model with the GOSLON Yardstick-a set of reference models established from the original GOSLON study to indicate discrete examples for each point on the scale. Ratings were performed twice, on separate days, by the same panel of raters. Between the first and second rating session, all models were rerandomized in order of presentation.
Cephalograms. Lateral cephalograms were produced using the cephalometric equipment available at the respective centers, and acquired in either a hardcopy or digital format. Conventional cephalograms were scanned at a resolution of 300 dpi using an Epson Expression 1680 scanner. Digital images were cleared of all center and subject identifiers, imported into Dolphin imaging software (version 11.7), and calibrated. Twenty-two landmarks were digitized per radiograph ( Figure 1 ). All radiographs were digitized twice on the same screen by a single investigator with 4 months between the 2 digitations. Each tracing was reviewed for accuracy by a professional digitizer with 35 years of experience. A total of 7 hard-tissue and 5 soft-tissue cephalometric measurements were evaluated. Only angular and ratio measurements were undertaken to avoid error from the differential magnification of the films.
Facial photographs. Facial photographs consisting of frontal and cleft-side lateral images were converted to digital format as necessary, cleared of all center and subject identifiers, and cropped in trapezoidal format to include only the nasolabial region (Mercado et al., 2011) . Photographs from all centers were assembled into a single set and then randomized in order of presentation. Photographs were rated by 6 experienced and trained raters using the system of Asher- , as modified by Mercado et al. (2016) . Each rater assigned ratings for each component of the scale: nasal frontal form and symmetry, nasal profile, and shape of the vermillion border. During the ratings, raters used the Q-SORT methodology to compare each study photograph with a set of reference photographs previously selected to indicate discrete examples for each point of the scale Stoutland et al., 2017) . Ratings were performed twice, on separate days, by the same panel of raters. Between the first and second rating session, photographs were rerandomized in order of presentation.
Statistical Analysis
Intra-and interrater reliability were evaluated for the GOSLON ratings using weighted kappa statistics. For each model, 12 (6 raters, 2 sessions) individual ratings were made using the 5-point scale. For subsequent analysis, each model's score was assigned as the mean from these 12 individual ratings. Amongcenter comparisons of GOSLON scores were performed using the Kruskal-Wallis test, with Bonferroni adjustment for multiple comparisons. Analyses of the nasolabial ratings were conducted in a manner similar to the GOSLON ratings. Comparisons of predicted need for orthognathic surgery (GOSLON score of 4 or 5) were performed with the Fisher exact test. Intrarater reliability was evaluated for cephalmetric measurements using the intraclass correlation coefficient. Among-center comparisons of cephalometric measurements were performed using analysis of variance (ANOVA), with Tukey adjustment for multiple comparisons. Statistical significance for all analyses was set at P <.05.
Results
Center-Specific Treatment Protocols
Cleft centers were selected to compare diverse approaches to PSIO. The approaches used at participating centers included no PSIO (center 1), Latham appliance (centers 2 and 3), NAM (center 4-NAM), and modified McNeil appliance (center 4-IO). Centers 2 and 3, the 2 centers using the Latham appliance, routinely performed secondary cleft lip and nasal surgery prior to age 7. All other centers delayed secondary cleft lip and nasal surgery until late adolescence. Details of the treatment protocols for each center are shown in Table 1 . Center 2 used Latham appliance on patients with wide clefts, as determined by the treating surgeon. In this study, 17 of the 36 subjects from center 2 received the Latham appliance. b Center 3 performed GPP when alveolar segments were sufficiently approximated, as determined by the treating surgeon. In this study, 15 of the 19 subjects from center 3 received GPP.
Patient Characteristics
The study cohort included 191 children from 4 cleft centers in North America. Children were predominantly male (N ¼ 121, 63%). All children were born with nonsyndromic complete unilateral cleft lip and palate. All children underwent primary cleft lip and palate repair before 2 years of age. Dental models, cephalograms, and nasolabial photographs were available for 138 (72%), 124 (65%), and 130 (68%) children, respectively. Patient characteristics, availability of records, and rates of secondary surgery for each center are shown in Table 2 .
Dental Arch Relationship
Dental arch relationship was compared among centers using dental models obtained in mixed dentition and the GOSLON rating system. Intrarater reliability was excellent for all raters (mean weighted kappa, 0.88; range, 0.83-0.93). Interrater reliability was also excellent (weighted kappa, 0.87). Distribution of GOSLON scores by the center is shown in Figure 2A . Children treated at center 1, which used no PSIO, achieved the most favorable dental arch relationship with a median GOSLON score of 2.3 (P < .01, Kruskal-Wallis). The proportion of children assigned a GOSLON score of 4 or 5, predictive of the need for orthognathic surgery in adolescence, was 76% at centers 2 and 3, which used the Latham appliance and early secondary lip and nose surgery, 47% at center 4, which used either NAM or modified McNeil but delayed secondary surgery, and 16% at center 1, which used no PSIO and delayed secondary surgery (P < .01, Fisher exact).
Cephalometrics
The intraclass correlation coefficient for hard and soft tissue cephalometric measurements was 0.93 and 0.82, respectively. Results of the cephalometric comparisons are shown in Table  3 . Children treated at center 1, which used no PSIO, achieved a significantly larger mean ANB angle than children treated at centers 2 and 3, which used the Latham appliance (P < .05) (see Figure 2B ). The mean ANB angle at center 1 was also larger than the mean angle for children treated with NAM appliance at center 4 (P < .05). Similarly, soft tissue A 0 -N 0 -B 0 angle was larger at center 1 than at all other centers (P < .05).
Differences in ANB were principally attributable to maxillary projection: center 1 had the largest SNA angle (79.99 ) and center 2 had the smallest SNA angle (74.81 ) (P < .05).
Nasolabial Appearance
Nasolabial appearance was evaluated in 3 domains: nasal frontal form and symmetry, nasal profile, and shape of the vermillion border. Intrarater reliability was very good to excellent for all raters in all domains (mean weighted kappa, 0.80; range, 0.72-0.93). Interrater reliability was good, with weighted kappa of 0.64 for nasal frontal form and symmetry, 0.63 for nasal profile, and 0.60 for vermillion border. Ratings for each domain of nasolabial appearance are shown in Figure 3 . Children treated at center 1, which used no PSIO and performed no secondary lip or nose surgery prior to collection of facial photographs for this study, achieved a significantly less favorable nasolabial appearance in both frontal and profile views than children treated at center 2, which used the Latham appliance and performed secondary lip and nose surgery for 94% of patients prior to collection of photographs (P < .01). Children treated at center 1 also achieved a significantly less favorable nasolabial appearance in frontal view than children treated at center 4 using the NAM appliance (P < .01). Children treated at center 4 using the NAM appliance achieved the most favorable vermillion border alignment (P < .01 for center 2 and center 4-IO, P < .05 for centers 1 and 3).
Discussion
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1 (8) 32 (94) 10 (53) 1 ( comparisons inform treatment providers about interventions used at other cleft centers and the outcomes achieved by centers applying distinct combinations of interventions. Individual providers can use this information to predict the potential benefits and harms of modifying their current treatment protocol to more closely align with another center whose outcomes they know. Outstanding results in cleft care can be achieved by different centers using different protocols, and intercenter outcome comparisons enable providers to determine whether outcomes achieved at another center are so much superior to their own results that they should consider changing their treatment protocol. The desire to achieve optimal facial aesthetics for children with cleft lip and palate has created strong interest in active PSIO. Active PSIO is currently used by more than 40% of cleft teams in the United States, although there is substantial variation in the type of orthopedics used (Sitzman et al., 2008; Sischo et al., 2012) . There is a strong interest among cleft providers to understand the merits of each particular type of PSIO, so they can decide which type, if any, to offer their patients. Although the present intercenter comparison cannot separate the effect of an individual PSIO method from the effect of other components of a center's treatment protocol, the comparison does evaluate whether the use of a specific type of active PSIO enables a center to achieve overwhelmingly better treatment outcomes than centers using alternative types of PSIO.
In the present study, we compared treatment outcomes among centers using a broad variety of active PSIO and different approaches to the timing of revision surgery. We found that center 2, which used the Latham appliance and performed early revision surgery, achieved the best nasolabial aesthetic outcomes, whereas the worst aesthetic outcomes were achieved at center 1, which performed neither PSIO nor early revision surgery. Center 4-NAM, which used nasoalveolar molding but did not perform early revision surgery, achieved aesthetic results between these 2 extremes: better than center 1 when evaluated in frontal view, but worse than center 2 when evaluated in profile. The superior aesthetic outcomes achieved by centers 2 and 3 with use of the Latham appliance and early revision surgery were offset by substantially worse maxillary growth than the other centers. Using a GOSLON score of 4 or higher as a threshold for orthognathic surgery (Shaw et al., 2005) , centers 2 and 3 would require orthognathic surgery for 75% of children, compared to 16% at center 1, which did not use PSIO nor early revision surgery. Taken together, our results suggest that (1) use of Latham appliance with early revision surgery may lead to improved nasal aesthetic outcomes relative to centers offering neither active PSIO nor early revision surgery, (2) use of the NAM appliance without early revision surgery may lead to improved nasal aesthetic outcomes relative to centers offering neither active PSIO nor early revision surgery, and (3) there may be a cost to both Latham and NAM in terms of impeding maxillary growth. Whether the cost of impeding maxillary growth is sufficient to change clinical practice is a provider-specific decision.
The results of this study are consistent with reports evaluating individual types of active PSIO, and expand prior findings by providing a direct and multidimensional comparison among the different types of active PSIO. Consistent with most prior reports evaluating occlusal relationships and midfacial growth after Latham and GPP (Berkowitz, 1996; Millard et al., 1999; Berkowitz et al., 2004; Matic and Power, 2008) , we found this treatment combination was associated with worse dental arch relationship and greater maxillo-mandibular discrepancy compared to the protocol at center 1 where neither treatment was performed. Interestingly, dental arch relationship and maxillary deficiency were similar between center 3, which used Latham and GPP, and center 2, which used Latham but not GPP. Although our results on dental arch relationship conflict with the finding by Chan et al. (2003) that GOSLON scores were not significantly affected by the use of Latham, we note that sample size in that study was relatively small and that both groups received GPP. In view of the existing literature on Latham and GPP and the results presented here, it seems reasonable to conclude that for centers using Latham, GPP, and early revision surgery, discontinuing just one of these interventions may not substantially improve maxillary growth outcomes (Uzel and Alparslan, 2011) .
There is a substantial body of cohort studies and case series finding that NAM improves nasolabial appearance. Compared to children not receiving NAM, prospective controlled cohort studies from 2 centers have shown improvement in the height of the nasal dome following NAM (Barillas et al., 2009; Chang et al., 2010) . In a recent systematic review, 11 of 12 studies found positive improvements in nasal symmetry by adding NAM to a center's protocol (van der Heijden et al., 2013) . In agreement with this pattern, we found that the center using NAM (center 4-NAM) achieved better appearance of nasal form and symmetry relative to the center performing no PSIO and no lip or nose revision surgery (center 1). Further, our finding that nasal frontal form and symmetry were similar between center 4-NAM and center 2, which used Latham and early secondary revision surgery, supports the hypothesis made by other investigators that use of NAM may reduce the need for lip and nose revision surgery (Sischo et al., 2012; van der Heijden et al., 2013) . Consistent with prior intercenter studies (Peanchitlertkajorn et al., 2016) , we found that maxillary dental arch relationship and ANB angle appear to be slightly higher (but not significantly different) at the center using NAM relative to the center using no PSIO, although children were not as severely affected as at centers using Latham with early secondary surgery. Overall, these findings add to a body of observational studies that NAM consistently improves nasal appearance across a variety of treatment protocols. Confirmation of these findings in a randomized controlled trial would substantially strengthen the evidence base for NAM, and may lead to broader adoption and universal coverage for this intervention.
Results of this study must be interpreted in the context of the study design. Treatment outcomes were compared across distinct centers whose treatment protocols varied in multiple ways. As such, it is not possible to separate the effects of surgeon skill, surgical technique, sequence of surgical procedures, use of a specific PSIO appliance, and use of secondary surgery. The age of patients examined in this study ranged 6 to 12 years, and growth-related difference across these ages may confound the results. In addition, information is available only on use of secondary surgery and not the need for secondary surgery. Generalizability of the results may be limited by differing proficiency in active PSIO among orthodontists, or by differing proficiency in cleft lip and palate repair among surgeons. Participating centers were in geographically distinct regions, and there may be bias introduced by ethnic or genetic differences in the patient populations. We attempted to control for this by restricting the sample to white children with nonsyndromic unilateral complete cleft lip and palate. The results may be confounded by unmeasured differences in cleft severity, including cleft width (Peltomaki et al., 2001; Antonarakis et al., 2015) . Assessments were performed at a single time point in mixed dentition: differences in nasolabial aesthetic outcome between centers may have been different at earlier ages and may change by the time children reach adolescence. Finally, aspects of PSIO such as the complexity of care to families, costs to the health care systems, as well as the psychosocial risks and benefits were beyond the scope of this study, but are very important aspects of care that need to be considered (Sischo et al., 2015) . These are important limitations, and we believe it is essential to be conservative in interpreting results of the present study.
Conclusion
Active PSIO is widely used by cleft teams. In the present comparison, centers using the Latham appliance combined with early lip and nose revision surgery achieved better nasolabial aesthetic outcomes but worse maxillary growth, compared to a center using no PSIO and delaying secondary surgery to adolescence. It is not possible in the present study to determine whether the use of Latham and/or the use of early secondary revision surgery are responsible for improved appearance and/or inhibited maxillary growth. The center using NAM also achieved nasolabial aesthetic outcomes superior to the center using no PSIO. Infants treated at the center using NAM had less severe maxillo-mandibular discrepancy than the centers using Latham, but their maxillo-mandibular discrepancy was still worse than the center using no PSIO. Although the nature of our study design prohibits us from establishing causation, our results suggest effects of active PSIO are multifaceted, potentially improving nasolabial aesthetics but also potentially harming facial growth. These Figure 3 . Nasolabial aesthetic ratings. *P <.01 denotes level of significance in comparison with the other centers specified.
